INTRODUCTION
Picloram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid) is widely used to control dicotyledon weeds in pastures (Silva & Silva 2007) . This herbicide can persist in the soil for years, due to its residual long effect, intoxicating crops in succession, such as soybean, bean and cotton (D'antonino et al. 2009 ). Besides that, the picloram waste may accumulate in soil and water resources (Pareja et al. 2012, Delwiche ABSTRACT RESUMO et al. 2014) , causing negative effects in the soil biota and ground and surface waters through surface runoff and leaching (Sarmah et al. 2004 , Belo et al. 2011 . Phytoremediation is an alternative to reduce the residual effect of picloram in the soil, which is based on the cultivation of plants capable of reducing the concentration of toxic compounds in the environment (soil and water) through phytodegradation or phytostimulation of the microbiota (White & Newman 2011 ).
1. Manuscript received in Sep./2016 and accepted for publication in Apr./2017 Apr./ (http://dx.doi.org/10.1590 Apr./ /1983 Some plant species have the ability to stimulate the microbiota activity in the rhizosphere and thereby increase the herbicide degradation in the soil. This study aimed at evaluating the microbial activity of soils contaminated with picloram and pre-cultivated with phytoremediation species. The experimental design was completely randomized, with three replicates. The treatments were organized in a 5 x 2 factorial scheme, with the first factor being the types of cultivation (autoclaved and non-autoclaved soil without cultivation and soil from the rhizosphere of Urochloa brizantha, Panicum maximum and Zea mays) and the second factor referring to the absence or presence (240 g ha -1 ) of picloram. The evolved C-CO 2 , microbial biomass carbon and metabolic quotient were estimated. The herbicide altered the evolved C-CO 2 , however, it did not affect the microbial biomass carbon and the metabolic quotient in the rhizospheric soils of the species. The cultivation of Zea mays increased the rhizosphere activity. The three plant species affect the soil microbial activity, however, the cultivation of Panicum maximum and Urochloa brizantha cause a lower disturbance on the microbial population, if compared to Zea mays. The picloran application does not affect the biological quality of the soils studied. Rhizospheric regions are characterized by an intense microbiological activity, and can support the growth of microbial populations up to 100 times higher than in non-rhizospheric regions (Moreira & Siqueira 2002 , Fernandez et al. 2009 ). Besides that, the root exudates of plants determine the microbial composition of the rhizosphere, varying according to the plant species and age (Costa et al. 2000) , as well as other factors such as plant exposure to toxic compounds and soil type (Fernandez et al. 2009 , White & Newman 2011 .
KEYWORDS
Studies have demonstrated the capacity of some plants, such as Urochloa brizantha, Urochloa decumbens, Panicum maximum, Eleusina coracana and Zea mays, to reduce the picloram concentration in contaminated soils (Carmo et al. 2008 , Oliveira et al. 2008 , Assis et al. 2010 , Franco et al. 2014 . These plants can accelerate the picloram microbiological degradation. In addition, they can also extract this herbicide from the soil and accumulate it in roots and leaves (Santos et al. 2007 , Fernandez et al. 2009 ). The evaluation of the microbial activity in the rhizosphere is a tool used to infer the role of the microbiota in herbicide remediation. This activity can be estimated indirectly by different variables, such as soil respiration, microbial biomass carbon and metabolic quotient (qCO 2 ), and these methods are common in studies involving soils contaminated with herbicides (Pires et al. 2005a , Santos et al. 2007 and 2010, Reis et al. 2008) .
Several plant species with capacity of remediating soils contaminated with picloram have already been identified. However, the impacts of this herbicide on the rhizospheric microorganisms that are associated with the roots of these plants are unknown. Thus, this study aimed at evaluating the microbiological activity associated with the rhizosphere of species used in the remediation of soils contaminated with picloran.
MATERIAL AND METHODS
The experiment was carried out in a greenhouse and a laboratory of the ; 3.15 cmol c dm -3 ; and 9.59 cmol c dm -3 , respectively. The experiment was conducted in a completely randomized design, with three replications. The treatments were organized in a 5 x 2 factorial scheme, with the first factor being the types of cultivation (autoclaved and non-autoclaved soil without cultivation and soil from the rhizosphere of Urochloa brizantha, Panicum maximum and Zea mays) and the second factor referring to the absence or presence (240 g ha -1 ) of picloram. The three species were cultivated in soil without herbicide residues, for 60 days. After this period, the shoots of the plants were removed and soil samples were collected in the rhizospheric region of each crop, removing five sub-samples, which were homogenized to form a composite sample. A 2-mm-mesh sieve was used to separate the roots from the soil volume collected. The soil that remained adhered to the roots were considered rhizospheric, and therefore collected for analysis (Joergensen 2000) . Soil samples without cultivation were also collected to form a sample of this treatment. All the samples were obtained under the same conditions. Subsequently, the samples were sieved (2.0 mm mesh). Half of the soil samples without cultivation were autoclaved for 40 min, at 121 ºC, just one time, to reduce the microbial population.
The rhizospheric and non-rhizospheric soils were placed in pots (300 cm 3 ) with diameter of 6 cm and area equivalent to 60 cm 3 , representing one experimental unit of 280 g of soil. A pressurized CO 2 sprayer equipped with two TTI 110.02 nozzles, spaced 0.5 m apart, maintaining a pressure of 200 kPa and a syringe volume of 150 L ha -1 , was used to apply picloram (dose of 1 L ha -1 of the commercial product -Padron ® ). One day after the application of the herbicide, 100 g of soil samples were taken from the vessels and the moisture was adjusted to 80 % of the field capacity, for the evaluation of soil respiration. These samples were placed in a respirometer to evaluate the microbial respiration, microbial biomass carbon and metabolic quotient (qCO 2 ) (Reis et al. 2008) . Microbial respiration was estimated from the amount of CO 2 evolved from soil samples of 100 g, captured in flasks containing 10 mL of NaOH (0.25 mol L -1 ), in a continuous air flow system (without CO 2 and moisture presence). Two flasks without soil were incubated, constituting the blank samples. The soil respiration rate was evaluated at 4, 8, 12, 16, 20 and 24 days of incubation, titrating the NaOH that did not react with the evolved CO 2 of the soil samples with HCl (0.5 mol L -1 ). After each evaluation, the flasks were replenished with 10 mL of a NaOH solution (0.25 mol L -1 ). After 24 days of incubation, 18 g of soil were removed from each flask to determine the microbial biomass carbon, using the method described by Vance et al. (1987) , modified by Islam & Weil (1998) , in which the samples were treated with microwave radiation for a previously calculated time (60 + 60 seconds). Microbial biomass carbon was extracted from the samples (irradiated and non-irradiated) with 80 mL of a K 2 SO 4 solution (0.5 M), in agitation for 30 min and resting for more 30 min. Posteriorly, the samples were filtered on Whatman paper # 42. Inside the digester tube, 10 mL of the filtrate plus reagents were added: 2 mL of a K 2 Cr 2 O 7 solution (0.0667 M) and 10 mL of a H 2 SO 4 solution. The volume was completed with distilled water up to 100 mL, and eight drops of the 1,10 phenanthroline indicator were added. Then, titration with 0.033 mol L -1 of a (NH 4 ) 2 Fe(SO 4 ) 2 solution was carried out until the color changed from yellow to red-vitreous. The values obtained from the evolution of the C-CO 2 and microbial biomass carbon were used to calculate the qCO2 (μg C-CO 2 μg -1 of microbial biomass carbon d -1 ), dividing the daily means of evolved C-CO 2 by the microbial biomass carbon.
The data were submitted to analysis of variance by the F test and the means compared by the Tukey test (p ≤ 0.05). Soil respiration over time was carried out through a regression. The models were chosen based on the significance of the regression coefficients, tested by the t test, and on the determination coefficient.
RESULTS AND DISCUSSION
There was an interaction between the cultivated species and picloram for the evolved CO 2 . A higher evolved CO 2 was observed in the soil cultivated with Z. mays in the presence of picloram, what was not verified for the other treatments. There was no difference for evolved CO 2 among the species cultivated in the absence of picloram ( Table 1) .
The evolved CO 2 , during 24 days of incubation, was influenced by soil type and presence of the herbicide (Figure 1 ). Among the different types of soil (rhizospheric and non-rhizospheric), there was a higher CO 2 evolved in the rhizospheric soil of U. brizantha without herbicide application, followed by rhizospheric soil of P. maximum and autoclaved soil without cultivation (Figure 1a) .
The soil without cultivation showed a lower evolved CO 2 in the absence and in the presence of picloram, if compared to the other soils studied (Figure 1a) . The higher evolved CO 2 from the autoclaved soil, in relation to the soil without cultivation, may be related to the death of microorganisms by the autoclaving process. This process provides carbon molecules that can be used as source for the microorganisms survival. The lower metabolic activity in non-rhizospheric soil can be explained by the absence of plants. The absence of root exudation from the plants reduces the carbon supply, decreasing the microorganisms community, as well as its activity in non-rhizospheric soils (Sandmann & Loos 1984 , Reis et al. 2008 In the rhizospheric soil with maize and in the autoclaved soil without cultivation, there was a higher CO 2 evolution in the presence of picloram, if compared to the other soils without herbicide application. The surviving microorganisms in the autoclaved soil can use picloram as a source of carbon in their metabolism, increasing the release of CO 2 , in relation to the soil cultivated with U. Brizantha and P. maximum. The competition with other microorganisms present in soils cultivated with these species (U. Brizantha and P. maximum) may limit the activity of those able to metabolize picloram, reducing the evolved CO 2 .
The higher angular coefficient found in the rhizospheric soil with maize treated with picloram indicates a possible metabolization of the herbicide by soil microorganisms. Similar results were found for soils treated with ametryn, atrazine and glyphosate, where high respiratory rates were obtained in the soils cultivated, when compared to soils without cultivation (Costa et al. 2000 , Moreno et al. 2007 , Reis et al. 2008 . Reis et al. (2008) also observed a higher amount of evolved CO 2 in the rhizospheric soils treated with ametryn, trifloxysulfuron-sodium and ametryn + trifloxysulfuron-sodium, if compared to the soil without herbicide application. These herbicides caused an imbalance in the microbial community, inhibiting specific populations and indicating, according to Sakamoto & Oba (1994) , that the microbial biomass of these dead cells was used as a source of C and energy, increasing the release of CO 2 .
Besides that, the high concentration of exudates in the rhizospheric region of maize can phytostimulate the microorganisms associated to the rhizosphere, increasing the CO 2 evolution in this soil (Santos et al. 2010 ). Another possibility is associated to the fact that the microorganisms present in the rhizosphere of maize are capable of tolerating and using picloram as a substrate in their metabolism, as it has been reported for Kochia scoparia (Anderson & Coats 1995 , Perkovich et al. 1996 and jack-beans (Canavalia ensiformis), in soil contaminated with atrazine and tebuthiuron, respectively.
High values of evolved CO 2 may be an indicative of the adaptation of native microorganisms to the presence of the herbicide (Pires et al. 2005a ). However, high soil respiration may not always be related to beneficial effects for the microorganisms. The change in the microbial metabolism and degradation of compounds used as a nutrient source, as well as the intoxication of the soil microorganisms by xenobiotics, decrease the efficiency of carbon utilization, promoting, in both cases, an increase in the CO 2 emission (Santos et al. 2007) .
The CO 2 evolution in the soil cultivated with P. maximum and U. brizantha was similar to the noncultivated soil, showing the lower evolution of CO 2 Incubation time (days) in the presence rather than in the absence of picloram (Figures 1a and 1b) . This may be an indication that the detoxification of picloram by this species may be associated with the phytodegradation and tolerance exhibited by them to the herbicide (Pires et al. 2005b ). According to Pires et al. (2005b) , there was no difference in the CO 2 evolution between cultivated and non-cultivated soils, when treated with atrazine and tebuthiuron. Alvey & Crowley (1996) found similar results for atrazine and tebuthiuron in soils cultivated with Z. mays, Pennisetum americanum and Estizolobium aterrimum. The lower CO 2 evolution in the soils cultivated with P. maximum and U. brizantha may be due to the toxic effect of picloram on the microorganisms, reducing the soil respiration.
There was no interaction between the type of soil cultivation and the presence or absence of the herbicide on the microbial biomass carbon ( Table 2 ). The alteration of the microbial biomass carbon depends on several factors, such as herbicide and dose applied, soil type, species cultivated and their interactions with the soil microorganisms, however, the herbicide application does not always lead to changes in the microbial biomass carbon (Reis et al. 2008) .
Only the cultivation with maize influenced the microbial biomass carbon of the soil samples, with a greater value of microbial biomass carbon being observed in relation to the others treatments (Table 2 ). Herbicides can decrease or increase the microbial biomass and the respiratory rate, thus, it is not always indicated to estimate the stress effects of the herbicides on soil microorganisms through only these two parameters (Reis et al. 2008) . In this case, it is recommend using other evaluations, such as the metabolic quotient (qCO 2 ), once the results obtained from the relationship between the evolved CO 2 and total microbial biomass carbon per unit of time are more representative. The lower values of qCO 2 are related to the higher stability of the microbial biomass carbon and organic matter in the soil, i.e., the C-carbon that is not lost as CO 2 by respiration, being incorporated into microbial tissues (Anderson & Coats 1995 , Reis et al. 2008 .
The rhizospheric soil with maize showed a lower metabolic quotient, indicating a greater stability of the microbial biomass associated with this species (Table 2) . Some studies have shown higher values of qCO 2 in soils submitted to herbicide application, i.e., a lower efficiency in the use of C by edaphic microorganisms (Santos et al. 2007 and 2010) . However, in this study, a significant difference was not observed in the values of qCO 2 when picloram was applied ( Table 2) .
The herbicide application altered the evolved CO 2 , but the isolated analysis of this parameter does not provide solid conclusions about the effects of picloram on the soil microorganisms. However, the picloram application did not affect the microbial biomass carbon and qCO 2 in the rhizospheric soils of the plants, indicating that the rhizosphere of these species can contribute to decontamination of soils treated with picloram.
Rhizospheric soils with maize showed a greater microbial activity in the presence of picloram than in the rhizosphere of P. maximum and U. brizantha, suggesting a lower contribution of the rhizosphere of these species to the picloram degradation. This indicates that the vegetal species affects the * Means followed by the same letters in the column do not differ by the Tukey test at 5 %. Table 2 . Microbial biomass carbon (MBC) and metabolic quotient (qCO 2 ) after the application of picloram in rhizospheric and non-cultivated soils, after incubation for 24 days.
